Abstract Ownership is a powerful construct. Indeed, in a series of recent studies, perceived ownership has been shown to increase attentional capacity, facilitate a memorial advantage, and elicit positive attitudes. Here, we sought to determine whether self-relevance would bias reward evaluation systems within the brain. To accomplish this, we had participants complete a simple gambling task during which they could "win" or "lose" prizes for themselves or for someone else, while electroencephalographic data were recorded. Our results indicated that the amplitude of the feedback error-related negativity, a component of the event-related brain potential sensitive to reward evaluation, was diminished when participants were not gambling for themselves. Furthermore, our data suggest that the ownership cues that indicated who would win or lose a given gamble either were processed as a potential for an increase in utility (i.e., gain: self-gambles) or were processed in a nonutilitarian manner (other-gambles). Importantly, our results suggest that the medial-frontal reward system is sensitive to perceived ownership, to the extent that it may not process changes in utility when they are not directly relevant to self.
The reward signals generated by the medial-frontal system are thought to reflect prediction errors-discrepancies between actual and expected outcomes (Holroyd & Coles, 2002; Holroyd & Krigolson, 2007; O'Doherty, 2004; Schultz, Dayan, & Montague, 1997; Sutton & Barto, 1998) . Importantly, these prediction errors provide an adaptive advantage in that positive outcomes are reinforced and behaviors leading to negative outcomes are extinguished (Holroyd & Coles, 2002; Schultz, Apicella, Romo, & Scarnati, 1995; Sutton & Barto, 1998) . While the medial-frontal reward-learning system is sensitive to changes in utility on outcomes for oneself, what is less certain is whether or not it is equally sensitive to one's actions if they result in rewards and losses for others-in other words, if there is no ownership of the change in utility.
A series of recent studies have shown that objects owned by oneself appear to be afforded increased attentional capacity, enjoy a memorial advantage, and elicit positive attitudes, even when this sense of ownership is imaginary, transient, and experimentally defined (Beggan, 1992; Belk, 1988 Belk, , 1991 Cunningham, Turk, Macdonald, & Neil Macrae, 2008; Gray, Ambady, Lowenthal, & Deldin, 2004; Huang, Wang, & Shi, 2009; Turk, van Bussel, Brebner, Toma, Krigolson, & Handy, 2011; Turk, van Bussel, Waiter, & Macrae, 2011; van den Bos, Cunningham, Conway, & Turk, 2010) . Functional magnetic resonance imaging has revealed that these ownership effects mediate responses in the medial-frontal and insular cortex, areas known to be associated with reward evaluation (Turk, van Bussel, Waiter, et al., 2011) . In another recent study using event-related brain potentials (ERPs), ownership cues were shown to modulate attentional processing (Turk, van Bussel, Brebner, et al., 2011) . In sum, a growing body of evidence suggests that multiple neural systems are sensitive to processing objects owned by self.
But while relevance to self has been shown to enhance the activity of multiple neural systems, what about relevance to another, especially with regard to reward processing? A recent series of studies examining the neural basis for observational learning have found that the medial-frontal reward system is sensitive to the mistakes and losses of others. For example, early work by van Schie, Mars, Coles, and Bekkering (2004) found that participants who observed response errors made by another had a neural response similar to that evoked by self-feedback processing (i.e., the feedback-related negativity; Miltner et al., 1997) . Extending from this, Bellebaum, Polezzi, and Daum (2010) demonstrated that the observation of feedback provided to another participant elicited a similar neural response in a participant observing a task in which money could be won or lost. As such, these studies, and others examining observational learning (Kozba, Thoma, Daum, & Bellebaum, 2011; Shane, Stevens, Harenski, & Kiehl, 2008) , suggest that the medial-frontal reward system may underlie observational learning and, thus, is activated when people observe outcomes experienced by others. Furthermore, more recent work by Koban, Pourtois, Bediou, and Vuilleumier (2012) has further extended the observational learning literature by demonstrating that social context can also enhance or reduce the functional efficacy of the medial-frontal reward system. Specifically, Koban et al. found that reward processing was enhanced when participants were in a cooperative, relative to a competitive, situation-a result suggesting that social context also influences reward evaluation by the medialfrontal system.
In the present study, we tested whether neural responses to reward are mediated by first-and thirdperson utilitarian outcomes (i.e., whether objects are won or lost for oneself or another person). To accomplish this, we had participants play a simple gambling game in which they won or lost prizes for themselves or another, while ERPs were recorded. On each trial, participants were shown an object that was the prize of the gamble. Subsequent to this, participants were cued as to whether or not they or someone else would win or lose the item as a result of the gamble. Next, the game was played, and participants were informed whether the item had been won or lost. Our primary dependent measure was the amplitude of the feedback error-related negativity (fERN; Miltner et al., 1997) , an ERP component differentially sensitive to wins and losses in gambling tasks (Hajcak et al., 2005; Holroyd et al., 2008; Yeung & Sanfey, 2004 ) and thought to be generated by the reward evaluation system within the medial-frontal cortex (Holroyd & Coles, 2002) .
At issue was whether the fERN would be sensitive to the results of gambles across self-and other-ownership conditions. Here, we hypothesized that self-relevant gambling results would elicit an fERN. However, what was less certain was how the medial-frontal system would be impacted when participants gambled for another. One possibility was that other gambles would elicit an fERN if participants viewed these gambles as an opportunity to learn or if participants were biased by social context. Another possibility, however, was that participants would not be sensitive to changes in utility for another-a possibility that led us to hypothesize that the outcomes of other gambles might not elicit an fERN at all.
Finally, we were also intrigued by the possibility that the ownership cues themselves might activate the medial-frontal reward system. Specifically, we hypothesized that selfownership cues might be associated with a potential gain of utility, whereas other-ownership cues might not be. As such, we predicted that we would observe a neural response similar to the fERN when we contrasted the ERP waveforms for the self-and other-ownership conditions.
Method

Participants
Thirty right-handed college-aged participants (14 male, 16 female; age, 19-31 years) with no known neurological impairments and with normal or corrected-to-normal vision took part in the experiment. All of the participants were volunteers who received credit in undergraduate psychology courses for their participation. The participants provided informed consent in line with Dalhousie University's Policy on the Ethical Conduct of Research Involving Humans, and the study was conducted in accordance with the ethical standards prescribed in the 1964 Declaration of Helsinki and subsequent amendments to the declaration.
Apparatus and procedure
Participants performed a gambling task in which they either won or lost items (e.g., an iPod) shown to them on a computer monitor. At the outset of the experiment, participants were told that they would be playing a gambling task akin to a T.V. game show where they could "win" prizes for themselves or for another participant. Participants never met the "other participant" and were told that the other participant had already played the game or would play the game at some future point in time. Participants were aware that the game show was a fiction-that is, that they would not win any of the prizes that they would be shown. In spite of this fiction, in line with previous work (i.e., Turk, van Bussel, Brebner, et al., 2011; Turk, van Bussel, Waiter, et al., 2011) , we believed that the self-and other-ownership cues would still impact the neural processing of the gambling results.
Each trial began with the presentation of a centrally positioned fixation cross on a computer monitor, which remained onscreen for the duration of the trial. To reduce the number of ocular artifacts, participants were instructed to blink as little as possible and to keep their eyes on the fixation cross at all times. After the fixation cross was presented (500 ± 100 ms), participants were randomly shown one of 180 objects with a value between $5 and $75 CDN (e.g., the aforementioned iPod; for more details, see Turk, van Bussel, Brebner, et al., 2011; Turk, van Bussel, Waiter, et al., 2011) . After the object was onscreen for 1,000 ms (±100 ms), a colored frame appeared around the object that cued the participants as to whether or not they (self-gambling trials) or someone else (other-gambling trials) would win/lose the object as a result of a subsequent gamble. The colors of the ownership frames were counterbalanced across participants, and the probability of a trial being a self-or other-ownership trial was set at chance. Following the ownership cue (1,000 ± 100 ms), the fixation cross reappeared and changed color, indicating that participants had to press one of four response buttons to "gamble" for the object. After a brief delay (500 ± 100 ms) following the buttonpress, a feedback stimulus (a word: win/lose) indicated the outcome of the gamble (1,000 ms ± 100 ms). Following the offset of the feedback stimulus, a blank screen was presented for 500 ms. See Fig. 1 for a visual representation of the time line of the experiment.
Participants were instructed to try and win as many prizes as possible. However, unbeknownst to them, the results of the gambles were set at chance for both self-and otherownership trials; there was a 50 % chance of winning or losing for both self-and other-ownership trials. The purpose of this manipulation was to ensure that the frequency of wins and losses was equivalent over the course of the experiment, in order to avoid contamination of the amplitude of the fERN by stimulus frequency effects (i.e., modulation of the N200 and P300; cf. Holroyd & Krigolson, 2007; Holroyd et al., 2008) . Participants completed 10 practice trials at the start of the experiment to gain familiarity with the task. Participants completed 360 trials that were divided between six experimental blocks. As such, each object (see above) was thus shown once for each ownership condition (self, other). Participants relaxed during selfpaced rest periods between each block.
Data acquisition
As a behavioral measure, the time to gamble-the time from the onset of the cue to gamble to the time the participant selected a button-was calculated for each trial. The electroencephalogram (EEG) was recorded from 64 electrode locations using BrainVision Recorder software (Version 1.3, Brainproducts, Munich, Germany). The electrodes were mounted in a fitted cap with a standard 10-20 layout and were recorded with an average reference. The vertical and horizontal electrooculograms were recorded from electrodes placed above and below the right eye and on the outer canthi of the left and right eyes, respectively. Electrode impedances were kept below 20 kΩ, with a mean impedance of 7.5 kΩ. The EEG data were sampled at 1000 Hz, amplified (Quick Amp, Brainproducts), and filtered through a pass-band of 0.017-67.5 Hz (90 dB octave roll-off).
Data analysis
The mean time to gamble (in milliseconds) was calculated for each participant for both experimental conditions (self, other). The EEG data were filtered offline through a (0.1-to 20-Hz pass-band) phase shift free Butterworth filter and rereferenced to the average of the two mastoid channels. Next, ocular artifacts were corrected using the algorithm described by Gratton, Coles, and Donchin (1983) . Subsequent to this, all trials were baseline corrected using a 200-ms epoch prior to stimulus onset. Finally, trials on which the change in voltage at any channel exceeded 10 uV per sampling point or the change in voltage across the epoch was greater than 100 uV were discarded. In total, less than 5 % of the data were discarded.
Given our hypotheses, ERP waveforms for two events of interest were examined: the ownership cue and the feedback stimulus. To evaluate the effect of ownership, 800-ms epochs of data (starting 200 ms before ownership cue onset) were extracted from the continuous EEG for each trial, channel, and participant for each of the two ownership conditions (self, other). For feedback evaluation, 800-ms epochs of data (starting 200 ms before feedback onset) were extracted from the continuous EEG for each trial, channel, and participant for each of the four feedback outcomes (win self, win other, lose self, lose other). For each of the events of interest, ERP waveforms were created by averaging the epoched EEG data by condition for each electrode, channel, and participant. To quantify and examine ownership and feedback processing, the mean voltage ±25 ms of the peak difference in the grand average waveforms was calculated (ownership, 190-240 ms; feedback, 280-330 ms) at the electrode site where the difference was maximal (FCz).
Both time to gamble and the ERP response to the ownership cue were compared via paired samples t-tests. The impact of ownership on feedback processing was investigated with a 2 (ownership: self, other) × 2 (gambling outcome: win, loss) fully repeated measures analysis of variance (ANOVA). Post hoc decomposition of the interaction term in the ANOVA was done with paired samples ttests. For all statistical tests, an alpha level of .05 was assumed.
Results
Time to gamble
An examination of the time to gamble-the time from when participants were cued to press one of the four response pad buttons to the time a button was pressed-did not differ between self-and other-ownership trials, p > .05 (self, 520 ± 10 ms; other, 531 ± 10 ms).
Ownership cue
A visual and topographical analysis of the electroencephalographic response to the onset of the self-/other-ownership cue Fig. 1 A time line of the experiment. Note that the size of the onscreen graphics has been exaggerated to make the figure clearer Fig. 2 Scalp topography of the mean peak difference of the P200 component locked to the onset of the self-and other-ownership cues revealed a difference between the self-and other-ownership trials that was maximal over the medial-frontal cortex (peak difference: electrode FCz; see Fig. 2 ) in the P2/N2 time range (see Fig. 3 ). Notably, this difference revealed a more positive voltage in the P2/N2 time range for self-ownership (4.80 ± 0.51 uV) as opposed to the other-ownership (3.16 ± 0.46 uV) trials, t (29) = 5.69, p < .001. Given the uniqueness of this particular finding, we then localized the source of the voltage difference between self-and other-ownership cues using standardized low-resolution brain electromagnetic tomography (sLORETA; Pascual-Marqui, 2002 ). An sLORETA analysis between 190 and 240 ms post-cue-onset indicated maximal current sources in Brodmann area 24, the anterior cingulate cortex (see Fig. 4 ).
Gamble outcome
An analysis of the ERP waveforms averaged to the onset of the gamble outcome (i.e., win, loss) revealed a component with a timing and scalp topography consistent with previous accounts of the fERN (Miltner et al., 1997; see Fig. 5 ) for selfownership gamble outcomes that was not present on otherownership trials (see Fig. 6 ). More specifically, we observed an interaction between ownership cue (self, other) and gamble outcome (win, loss), F(1, 29) = 19.57, p < .001. Post hoc decomposition of the interaction via paired samples t-tests demonstrated a more positive ERP response for win (5.01 ± 1.12 uV) than for loss (0.70 ± 0.99 uV) self-ownership trials, t (29) = 7.01, p < .001). No difference was observed between other-ownership win (2.66 ± 1.01 uV) and loss trials (2.02 ± 1.10 uV) (p > .05).
Discussion
In the present study, we found that ownership impacted the amplitude of the fERN, an ERP component reflective of feedback evaluation by a reward-learning system within the medial-frontal cortex (Holroyd & Coles, 2002) . More specifically, we found that an fERN was elicited on selfownership trials-where the "prize" of the participant's gambles was won or lost by the participant. However, and contrary to this, we did not observe an fERN on otherownership trials-where the "prize" of the participant's gambles was won or lost by someone else. As such, our results demonstrate that the medial-frontal reward system is sensitive to perceived ownership; when a gain of utility is for oneself, the medial-frontal system processes this as a gain or a loss. However, when a gain of utility is for someone else, or perhaps for no one at all, the medial-frontal system appears to be insensitive to this and does not differentiate between gains and losses.
Interestingly, we also found a difference in the P2 time range when we contrasted the ERP waveforms for self-and otherownership cues. Somewhat akin to the fERN, the difference in the P2 had a medial-frontal scalp topography and a timing similar to, albeit earlier than, that for the fERN (see Figs. 2  and 3) . Furthermore, and importantly, an sLoreta source analysis put the source of this difference in Brodmann area 24, the anterior cingulate cortex-the source of the error-related negativity (Debener et al., 2005; Miltner et al., 1997) . Recent studies have related the P2 to various aspects of reward processing, such as the predictability of the outcome (Polezzi et al., 2008) , and studies using magnetoencephalography have found that reward evaluation may commence as early as 230 ms-a time akin to the timing of the difference in the P2 observed in the present experiment (Doñamayor, Marco-Pallarés, Heldmann, One possibility is that self-ownership cues are treated as a potential for gain in utility, whereas other-ownership cues are treated as a potential for loss of utility or, more correctly, are not evaluated in a utilitarian manner. As such, when one contrasts the neural response for self-and other-ownership cues, one observes a difference somewhat akin to the difference reflected in the fERN-a difference due to a difference in reward evaluation within the medial-frontal cortex attributable to the potential for gains and losses.
Together, the aforementioned results demonstrate that the medial-frontal reward system is sensitive to self-relevant (i.e., ownership) outcomes; the processing of wins and losses by this system occurs only if the change in utility is for oneself. The medial-frontal reward system is thought to compute reward prediction error discrepancies between actual and predicted rewards (or losses; Holroyd & Coles, 2002; Holroyd & Krigolson, 2007) , and the results of the present study suggest that these computations are undertaken only when gains and losses are experienced by oneselfif the discrepancy between reward and prediction is related to a change in our own utility. While this may at first make our neural systems seem very "selfish," as was mentioned previously, there is a growing body of evidence that suggests that multiple neural systems are biased when their functional processing is directly relevant to self (Beggan, 1992; Belk, 1988 Belk, , 1991 Cunningham et al., 2008; Gray et al., 2004; Huang et al., 2009; Turk, van Bussel, Brebner, et al., 2011; Turk, van Bussel, Waiter, et al., 2011; van den Bos et al., 2010) . With that said, there is an alternative possibility in the present experiment, and that is that participants did not believe that they were playing for another person at all and, as such, they did not process the wins and losses of other gambles at all.
But what of observational learning? We know that multiple neural systems are sensitive to mistakes made by others; for instance, Bellebaum et al. (2010) demonstrated that an fERN was elicited when participants watched others win and lose money in a gambling task. Bellebaum and colleagues, among others, have proposed that the activity of the medial-frontal reward system when others win or lose money is the potential candidate mechanism that underlies observational learning. At first glance, the results of the present study may appear contradictory to previous findings examining observational learning. However, we propose that that is not the case. Indeed, we propose that during observational learning, one adopts an egocentric, or firstperson, view of the observed changes in utility-a transfer in frame of reference in which other people's mistakes are viewed as one's own-and as such, the medial-frontal system responds to the viewed feedback in order to improve subsequent performance if one subsequently has to attempt the task one is watching. Indeed, how one views feedback may be the key to determining whether or not observational learning occurs or whether, as is the case here, feedback is viewed in a third-person perspective and the medial-frontal system does not respond. Supporting this hypothesis, it is worth noting that our data are not unique in the failure to elicit an fERN when feedback for another is viewed; at least two observational learning studies have demonstrated a greatly reduced fERN amplitude during "observational learning" conditions (e.g., Fukushima & Hiraki, 2009; Itagaki & Katayama, 2008) . Again, it must be noted that Grand average waveforms for win and loss trials for othergambles. The arrow indicates the component of interest, the fERN the failure to observe an observational learning effect may simply be due to the fact that participants in the present study did not believe that they were playing for another person and, thus, an fERN was not elicited by the results of other gambles.
Conclusions
Here, we have demonstrated that the processing of feedback and ownership cues by the medial-frontal reward system is sensitive to perceived ownership. More specifically, in the present experiment, we demonstrated that the amplitude of the fERN was reduced when wins and losses in a simple gambling task were for someone else. Furthermore, we also demonstrated that the medial-frontal reward system interprets ownership cues for self as a potential for gain and ownership cues for others as a potential for loss. Together, these data are in line with a growing body of evidence that demonstrates that the output of multiple neural systems is reduced when the focus of that output is not oneself.
